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S U M M AR P 

The cu r ren t  i nves t iga t ion  of the e l e c t r o n  dens i ty  maximum of 
the F2-layer of t he  ionosphere shows: 

1) a semi-annual g lob& v a r i a t i o n  in phase w i t h  the v a r i a t i o n  

of the magnetic a c t i v i t y ;  

2) a marked semi-annual v a r i a t i o n  between 09 00 and 19 00 hours  

and between 2300 and 0200 hours OT, and a marked v a r i a t i o n  of annual 
p e r i o d i c i t y  for the  remaining hours; 

3) a considerable  r a t e  of increase  w i t h  sunspot numbers between 

the  hours of 18 00 and 2400 l o c a l  mean tlme. 

4) a maximum between 2100 and 2300 hours corresponding t o  the  

half- thickness  maximum. 

Owing t o  the d i f f i c u l t i e s  encountered in trying t o  expla in  these  
p e c u l i a r i t i e s  by the  only ac t ion  of photoionizat ion and d r i f t ,  i t  seems 
j u s t i f i e d  t o  r e s o r t  t o  the e f f e c t  of extra i o n i z a t i o n  due t o  corpuscles  

acce le ra t ed  in t he  near-the E a r t h  region. 

* *  

* k T D E  DE L'lhOLUTION DL LA COUCRE IONOSPH&IQUE F )i I;E'OPOLDVILlE=BIN!ZA. 
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2. 

I N T R O D U C T I O N  

* 

The Geophysicrel Section of t he  Meteorological Serv ice  of the 

Belgian Congo and Ruanda-Urundi ha6 been making ionospheric  fo recas t s  
for t h e  parst s e v e r a l  years using a new method, which has given in t h e  
a h o l s  very s a t i s f a c t o r y  re~ults C1,21. 

of  t h e  e l e c t r o n  dens i ty  maximum of t h e  --layer i n  the v e r t i c a l  of 

LBopoldville-Binza. 

The method employed is t h e  result  of a s tudy  of t he  evolu t ion  

Originally, re had ars igned ourse lves  the  task of e s t a b l i s h i n g  
a comparison between the  v a r i a t i o n  of t h i s  i on iza t ion  m a x i m u m  and t h e  

r e l a t i v e  v a r i a t i o n  of solar r ad ia t ion  received on a hor i zon ta l  sur face  

o u t s i d e  the  atmosphere. This mas 60 much t h e  more requi red  t h a t  i t  w a s  

gene ra l ly  admitted t h a t  the  cause of i o n i z a t i o n  w a s  p r e c i s e l y  an e l ec t ro -  
magnetic r a d i a t i o n  stemming from the  Sun. 

A similar s tudy  had already suppl ied  i n t e r e s t i n g  results i n  t e r -  

r e s t i r a l  magnetism c31 and i t s  f u r t h e r  pusu i t  i n  the  f i e l d  of the  upper 
atmosphere w a s  deemed j u s t i f i e d .  

I n  f a c t ,  t h e  taEk consieted p r i n c i p a l l y  t o  v e r i f y  the  r e l a t ion -  

ship6 between the  ioniz,ation and t h e  geometry of the  system Earth-Sun, 

whose exietence could be suspected. I n  p e r t i c u l a r ,  a s e r i e s  of harmonic 

analyses  should have ascer ta ined  the  ex is tence  of p e r i o d i c i t i e s  of 12 and 

6 months, &8 f o r  t h e  s o l a r  r ad ia t ion ,  t h a t  might poss ib ly  lend  themselves 

t o  easier  i n t e r p r e t a t i o n  than the  d i u r n a l  va r i a t ion .  
We thus  were l e d  t o  consider s e p a r a t e l y  t h e  evolut ion i n  t h e  course 

of months and yea r s  of the  ion iza t ion  m a x i m u m  r e l a t i v e  t o  each p a r t i c u l a r  

hour of  the  day desp i t e  the f a c t  t h a t  the corresponding zen i tha l  d i s tance  

of t he  Sun v a r i e s  considerably i n  t h e  course of t he  seasons. 

However strange i t  may appear a t  f i r s t  s i g h t ,  t h i s  procedure has  

never the less  allowed us t o  e labora te  a very s a t i s f a c t o r y  ionosphere fore- 

c a s t i n g  method and l e d  us t o  bring f o r t h  c e r t a i n  remarkable p rope r t i e s  
of t h e  evolu t ion  o f  e l ec t ron  dens i ty  maximum a t  our s t a t i o n .  The following 

pages have for ob jec t  t o  r epor t  t h e  most s t r i k i n g  f a c t s  made evident  i r ,  

i n  t h e  course of t h i s  study. 
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Let  us consider first of a l l  the  evolu t ion  of t h e  e l e c t r o n  d e n s i r t  
mariwrm in a s y n t h e t i c  fashion. In  order  t o  o b t a i a  a convenient representa-  

t i o n ,  l e t  us reduce one month of observa t ions  t o  a *9nedianrV day, whereby 

the  e l e c t r o n  dens i ty  would be taken equal  for each hour t o  t he  median month- 

ly f igure .  
An e n t i r e  y e a r  mavthen be represented  by means of U %ediantl days. 

By examining the  Fig. 1, which g ives  such a r ep resen ta t ion  f o r  t h e  

years 1952 through 1958, one nay s e e  at once t h e  prevalence of a semi-annual 

wave. 
Comparing t h e  o s c i l l a t i o n  of t h e  envelope t o  the  wel l  known s e d -  

annual v a r i a t i o n  of the  magnetic cha rac t e r  A p  of Bar t e l s ,  one is immediate- 

ly s t r u c k  by the  morphological s imi l i t ude  of both phenomena. 

Fig.2 shows t h a t  t h i s  e f f e c t  is universa l .  The minima take place 
i n  June-July and in December-January and t h e  maxima i n  Fhrch-April and i n  

September-October. 
As a matter of comparison we have p l o t t e d  in Figs 1 and 2 the  curves 

for the  respec t ive  v a r i a t i o n s  of t h e  solar r a d i a t i o n  inc iden t  a t  noon on a 
u n i t  of ho r i zon ta l  su r f ace  outs ide t h e  atmosphere, I f  these curves o f f e r  a 
c e r t a i n  s imi l i t ude  with the  da ta  f o r  the Southern Hemisphere, they are abso- 

l u t e l y  discordant  f o r  t he  NorthemHemisphere. Moreover, the  solar r a d i a t i o n  
shows outs ide  the  e q u a t o r i a l  band a marked prevalence of t he  annual varia- 
t i o n  over t he  semi-annual va r i a t ion ,  which is  not  t he  case f o r  t he  ion iza t ion .  

Except for ventur ing t h e  l i t t l e  l i k e l y  hypothesis  t h a t  t h e  r a d i a t i o n  

respons ib le  

p e r i o d i c i t y ,  one is forced t o  conclude, as regards  the  vc r i a t ion  i n  the  
course of a year,  t h a t  the i on iza t ion  m a x i n u m  of the  F2-layer does not  follow 
the  v a r i a t i o n s  of solar rad ia t ion .  

f o r  t h e  ion iza t ion  of t he  F2- l a y e r  has  a s t r o n g  six-month 

It is not  without i n t e r e s t  t o  mention here  t h a t  geomagneticians 

consider  the  cha rac t e r  of Ap as being the  index of a corpuscular e f f e c t .  
Le t  us r e c a l l  indeed, t h a t  the charac te r  of Ap is a measure of the degree 

of a c t i v i t y  of a magnetic f i e l d ;  bu t  the  magnetic a c t i v i t y  is expressed by 
a succession of r e l a x a t i o n s  of which t h e  most b p o r t a n t  are t he  magnetic 
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storms. In order  t o  expla in  the development of these magnetic dis turbances 
t h e  Chapman-Ferraro anQ Alfv6n t h e o r i e s  r e s o r t  t o  t h e  enveloping movement 
of a beam of p a r t i c l e s  emit ted f ron  the  Sun. 

On the  o the r  hand, i t  is w e l l  known t h a t  these  magnetic dis turban-  

ces are generally acconpanied by ionospheric  disturbances.  

EVOLUTION OF ELECTRON DENSITY FOR EFlERY HOUR 

W e  have ind ica t ed  i n  Fig.3 t h e  v a r i a t i o n  i n  time of t h e  e l e c t r o n  

desni tg  maximum for c e r t a i n  hours taken ind iv idua l ly  after s u b s t r a c t i n g  

t h e  
months. 

undecennial effect  which i s  obtained by a s l i d i n g  average f o r  t h i r t e e n  

It is  striking t o  discover t h a t  i f  the predominant v a r i a t i o n  is 
semi-annual for c e r t a i n  hours,  i t  is, t o  the  contrary,  annual for c e r t a i n  

o t h e r  ones, 
Th i s  is f u l l y  corroborated by the data on t he  amylitudes of these 

waves1 compiled i n  Table 1. 
The mean amplitudes, computed for f i v e  years (1953- 1957) show 

indeed t h a t  t h e  semi-annual v a r i a t i o n  i s  prevalent  between 0900 and 1900 
hours and between 2300 and 0200 hours  TPT; for the  o ther  hours the  annual 

v a r i a t i o n  i s  the most important. 

These two waves a r e  responsible  for t he  ex is tence  a n d  the position 
v a r i a t i o n s  of the  bends t h a t  can be seen on the d i u r n a l  curves of Figr.1. 

The most important conclusion t o  be der ived from t h i s  f a c t  is 
t h a t  the ionosphere must be the crossroads of two phenomena of very d i f -  

f e r e n t  essence1 having a semi-annual prevalent  p e r i o d i c i t y  for one of them 
and an annual one f o r  the other,  

EVOLUTIOI? IT7 TE3 COURSE OF THE CTJRIENTLY 
DTCP,SASING SOLT32 ACTIVITY CYCLE 

It is advantageous t o  ndlre use of da ta  c l e a r  of seasonal  va r i a t ions .  

The averaged over t h i r t e e n  nonths va lues  of e l e c t r o n  dens i ty  maximum do 
s a t i s f y  t h f s  c r i t e r i o n .  
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- 
00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 

I l 5  
16 
17 
18 
19 
20 
21 
n 
23 

61, - 
0.07 
0.06 
0.06 
0.06 
0.03 
0.08 
0.04 
0.06 
0.08 
0.09 
0.13 
0.13 
0.22 
0.19 
0.18 
0.11 
0.11 
0.16 
0.23 
0.32 
0.61 
0.60 
0.43 
0.16 

- - - - - - - - - - - 
0.09 0.05 0.05 0.0'7 0.10 0.14 0.51 0.25 0.44 0.12 0.24 
0.10 0.06 0.04 0 .12  0.13 0.36 0.32 0.08 0.35 0.14 0.19 

0.03 0.05 0.01 0 . W  ().(Hi 0.27  0.10 0.13 0.14 0.12 0.07 
0.00 0.03 0.01 0.07 0.02 0.1s 0.03 0.09 0.05 0.08 0.02 
0.04 0.07 0.06 0.10 0.07 0.18 0.12 0.16 0.16 0.12 0.09 
0.03 0.04 0.07 0.02 0.06 0.10 0.14 0.20 0.12 0.08 0.0s 
0.03 0.03 0.M , 0.06 0.04 0.32 0.17 0.33 0.21 0.16 0.10 
0.05 0.02 0.09 0 .03  0.07 0.29 0.27 0.37 0.20 0.16 0.13 
0.10 0.08 0.11 0.01 0.01 9.20 0.32 0.27 0.26 0.13 0.16 
0.14 0.16 0.13 0.09 0.18 0.14 0.42 0.24 0.29 0.15 0.23 
0.24 0.18 0.16 0.14 0 .17  0.23 0.43 0.35 0.59 0.21) 0.32 
0.29 0.17 0.25 0.16  0.28  0.25 0.46 0.33 0.42 0.23 0.33 
0.25 0.19 0.25 0.15 0.30 0.20 0.45 0.31 0.40 0.21 0.34 
0.30 0.22 0.33 0.11 0.28 0.15 0.39 0.28 0.36 0.18 0.33 
0.34 0.26 0.43 0.15 0.33 0.19 0.33 0.30 0.36 0.20 0.36 
0.38 0.28 0.42 0.21 0.34 0.23 0.27 0.33 0.41 0.23 0.36 
0.38 0.30 0.40 0.18 0.41 0.31 0.37 0.49 0.37 0.29 0.39 
0.40 0.30 0:31 0.23 0.55 0.37 0.46 0.59 0.37 0.34 0.42 
0.39 0.32 0.29 0.38 0.61 0.17 0.56 0.39 0.43 0.32 0.46 
0.30 0.48 0.17 0.M 0.48 0.27 0.29 0.39 0.36 0.45 0.32 
0.18 0.60 0.12 0.75 0.32 0.31 0.23 0.60 0.50 0.55 0.27 
0.16 0.33 0.07 0.35 0.31 0.45 0.38 0.79 0.64 0.47 0.20 
0.12 0.13 0.03 0.08 0.16 0.20 0.47 0.64 0.49 0.24 0.25 

0.04 0.05 0.02 0.12 0.08 0.30 0.26 0.09 0.28 0.12 O.I.? 

I 

Table 1, - Amplitude of Annual and Semi-annual Waves of 
Electron Density Maximum at Binea. 

F i g . 4  (next page) gives a representation of the electron density 
maximum for all the hours of the day as a function of the number of sun- 

spots, also averaged over 13 months, 
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FIG. 4. 

F i r s t  of all the existence is  noted of a saturation phenomenon 

particularly evident for the hours of l ight ing .  Because the  l e v e l  of 
the solar a c t i v i t y  maximum reached i s  different for every hour, one m a y  
conclude that the cmse  of saturation does not have its s e a t  in the iono- 
sphere, but i n  the very phenomenon responsible for the ionization. 
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During the  n ight ,  t o  the contrary,  between 2100 and 0600 hours 
the l i n e a r i t y  i s  very s a t i s f a c t o r y  and the dolf-:dolfer number proves t o  be 

a precious index for the representa t ion  of s o l a r  a c t i v i t y  i n  t h e  upper 

atmosphere. 
D u r i n ~  t he  i l lumina t ion  per iod and a t  the beginning of the  evening, 

more p a r t i c u l a r l y  around 18 00 hours local time, when the  shift r e l a t i v e  t o  
a l i n e a r  r e l a t i o n  is  strongest, a screen e f f e c t  seems t o  be i n  the making. 

maximum v a r i e s  considerably i n  t he  course of the day, as thus is shown i n  
It is also r e m a r k a b l e  t h a t  the  noted acc re t ion  r a t e  of i on iza t ion  

Table XI \ereafter. 

T A B L E  I1 

I 

0.09 
0.04 
0.14 
0.16 
0.18 
0.31 
0.40 
0.54 
0.67 
0.53 
0.48 
0.63 

T h i s  phenomenon of ion iza t ion  maxirnum accre t ion  i s  st i l l  inore 
evident  on Figs 5 and 6, where we p l o t t e d  in abscissa the  hours and i n  

ord ina tes  the  respec t ive  r a t i o s  and d i f fe rences  between the i on iza t ion  

m a X b l U m  for 50, 100, 150 a d  200 6U66pOt6. 
As a matter for comparison, the  r a t i o s  of e lec t ron  dens i ty  maximum, 

ext rapola ted  f o r  zero z e n i t h a l d i s t a n c e  of the Sun for t he  E-layer, are 

r e s p e c t i v e l y :  1.13 for 50 sunspots, 1,28 for 100, 1,44 for 150 and 1,% 
for 200 sunspots. 
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Thus, the  r a t i o s  and the d i f f e rences  are much l e s s e r  for t h i s  

l ayer .  

The i o n i z a t i o n  accretion shows a considerable  maximum between 

2100 and 23 00 hours LT, t h a t  is, 3 t o  4 hours after sunset. The m a x i n u n  
of t he  r a t i o  D F 2 ( R ) / D F z ( l O )  spreads still  later i n t o  the  n ight  and in 
a somewhat decreasing fashion from 0300 t o  & C 0  hoirs. A t  200 sunspots  
t he  i o n i z a t i o n  m a x i i i w n  is nearly 11 tines higher t h a n  i n  the  period of 

minima a c t i v i t y  and more twice that of t h e  secondary maximum taking place 

at 10 00 hours, 
Finally, s t a r t i n g  from 2300 hours the  i o n i z a t i o n  m a x i n u m  decrea- 

ses i n  6 hours by about one tenth o f  its value. 

c 0 EJC LU s I om s 

Summarizing, we may s t a t e  t h a t  t h e  i o n i z a t i o n  m a . x i m ~  of the 
Fplzyer  at t h e  Gopoldville-Binza v e r t i c a l  offers t h e  following peculia- 
r i t i e s  : 

1) a global v a r i a t i o n  c l e a r l y  of semi-annual per iod i n  phase with 

2) a prevalent  semi-annual v a r i a t i o n  between 0900 and 19 00 hrs 
the  v a r i a t i o n  of magnetic a c t i v i t y ,  corpuscular e f f e c t ;  

and 2300 and 0200 hours UTand apreponderant  annual v a r i a t i o n  f o r  t he  - 

o the r  hours; 
3) a m a x i m u m  s i t u a t e d  between 2100 and 23GO hours; 

4) a considerable accre t ion  r a t e  between 1800 and 2400hours Mi! 

as a func t ion  of t h e  number o f  sunspo t s ;  
5) a s a t u r a t i o n  effect between 0700 and 1900 hours UT, whereas 

for the o t h e r  hours t h e r e  exists a l i n e a r i t y ,  almost pe r f ec t  vs the  ntmber 

of sunspots. 
P r i o r  t o  concluding i t  should still be noted t h a t  t he  semi-thick- 

nes6 given by 

shows a ninimnm near noontime and an accentuated maximum between 1800 and 

23 00 hours. 
It r e s u l t s  therefrom tha t  t he  considerable  i l rnizat ion dens i ty  

of the  first part of the night  can not  be ascr ibed  t o  a compression e f f e c t  

of t he  F2-layer . 



That p a r t  of the ionized gas would have been c a r r i e d  i n  the 

e q u a t o r i a l  zone of the i l luminated hemisphere toward the dark one, t h i s  has  

been demonstrated by Martyn [ 5 3 .  It is doubtful,  however, that t h e  enor- 

mous i o n i z a t i o n  noted between 2100 and 2300hours ,  is due e n t i r e l y  t o  

t h i s  e f f e c t .  
It is still  more d i f f i c u l t  t o  admit t h a t  t h i s  mechanism may 

expla in  the considerable  accre t ion  ra te  of i o n i z a t i o n  during the first 

p a r t  of the n ight  w i t h  the  nunber of sunspots. 
The exis tence of a marked six-montbperiodicity and its s imi l i t ude  

wi th  the  ma-etic a c t i v i t y  compels us t o  resort somewow t o  t h e  corpuscular 
flux i n  order  t o  explain the major p a r t  of the n ight  ion iza t ion .  

The hypothesis t h a t  i s  requi red  is thus  t o  a sc r ibe  the  i o n i z a t i o n  

of the  F p l a y e r  to a double cause, photonic and corpuscular. 

The f a c t  t h a t  no one had y e t  been success fu l  i n  c l e a r l y  ascertain 
an e c l i p s e  e f f e c t  for t h a t  l aye r  is a corroborat ion of t h i s  viewpoint. 

Assuming the  corpsucular flux ae being emit ted from t h e  Sun l eads  

us t o  d i f f i c u l t i e s ,  It should indeed follow a l t r w  s i n i l a r  t o  t h a t  of cos- 

m i c  ray decrease as a funct ion of the  l a t i t u d e .  However, the  ion iza t ion  
of F2 is much zore i npor t an t  between the  t r o p i c s  t h a n  i n  the  higher  la t i -  
tude regions. 

Moreover, high-energy corpuscles  being c a r r i e d  by a f l u x  of 

l h i t e d  importance, l a c k  the capac i ty  of producing a s u f f i c i e n t  ion iza t ion .  
The d i f f i c u l t i e s  are p a r t l y  resolved i f  we assume t h a t  t he  par- 

t i c l e s  o r i g i n a t e  from regions much nearer  to Earth,  f o r  exsmple, from 

t h a t  region of high p a r t i c l e  dens i ty  ascer ta ined  by the AES and possibly 
even from the  ring curren t ,  t o  which one r e s o r t s  t o  explz in  the  magnetic 

storms, on the condi t ion t o  a t t r i b u t e  i t  a s u f f i c i e n t  pe renn ia l i t y .  
These p a r t i c l e s  woulc? be  endowed with a r e l a t i v e l y  low energy 

and they might pene t ra te  i n t o  the upper atmosphere on account of a pecu- 
l i a r i t y  i n  the geomagnetic f i e l d  or of ex is tence  of an e l e c t r i c  f i e l d .  

They would y i e l d  all t h e i r  energy i n  the form of ionizat ion.  
The t h e o r e t i c a l  d i f f i c u l t i e s  implied by an  ion iza t ion  mode of 

corpuscular type a r e  p a r t i c u l a r l y  arduous due t o  o u r  ignorance of c e r t a i n  



important physical  parameters of  the uppermost atmosphere, i n  p a r t i c u l a r  

those r e l a t i v e  t o  the  exis tence of e l e c t r i c  f i e l d s  due t o  space charges. 
If our i n t e r p r e t a t i o n  i s  cor rec t ,  t he  problem of i on iza t ion  of the  F2-layer 

would thu8 be l inked  t o  t h a t  of the  explanat ion of magnetic dis turbances,  
polar aurorae and cosmic r a y  var ia t ions.  

We wish t o  thank PI. Goris f o r  having accepted t o  take charge of 
ca lcu la t ions  and we express a l l  our g r a t i t u d e  t o  14. Vander E l s t  for h i s  
i n t e r e s t  and  encouragement h e  never ceased t o  provide us  with i n  the  course 

of t h i s  study. 
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